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This  report  has  been  authored  by  employees  of  the  United  States 
Government.  Accordingly,  the  United  States  Government  retains  a  nonexclusive, 
royalty-free  license  to  publish  or  otherwise  reproduce  the  material  contained 
herein,  or  allow  others  to  do  so,  for  United  States  Government  purposes. 
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INTRODUCTION 

The  purpose  of  these  tests  was  to  determine  how  much  electric  field 
enhancement  is  produced  by  blade  type  UHF-VHF*  aircraft  antenna  mounted  on 
the  underside  of  an  aircraft  fuselage  or  wing  when  the  aircraft  has  a  high 
voltage  charge  with  respect  to  ground. 
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BACKGROUND 

The  proposed  trailing  wire  antenna  (TWA)  electromagnetic  pulse  (EMP) 
tests  would  require  a  negative  voltage  of  up  to  A  mV  with  a  rise  time  of 
1.6  Ms  and  a  decay  time  of  50  Ms  to  be  applied  to  an  aircraft  that  is  insu¬ 
lated  from  the  ground  without  arcing  between  the  aircraft  and  ground.  The 
UHF-VHF  blade  antennas  mounted  on  the  bottom  of  the  aircraft  may  enhance  the 
electric  field  in  the'  vicinity  and  may  arc  to  ground. 
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TEST  CONDUCT 


The  Ferranti  Impulse  Generator  (FIG)  which  is  located  on  the  TRESTLE 
EMP  test  site  was  configured  to  produce  the  TWA  waveshape.  The  Mobile  Upper 
Electrode  (MUE) ,  which  is  designed  to  produce  a  uniform  electric  field 
between  it  and  the  ground  plane  (GP) ,  was  used  for  these  tests.  The  donut¬ 
shaped  MUE  is  about  26  ft  in  diameter  and  is  covered  with  1-in  wire  mesh. 

The  MUE  was  spaced  8  ft  4  in  above  the  GP.  This  spacing  was  chosen  because 
it  is  the  same  spacing  used  in  the  previous  "charred  beam"  test. 

A  Collins-type  37R-2V  aircraft  antenna  was  mounted  on  the  center  of 
the  MUE.  Another  aircraft  antenna  of  unknown  type  was  also  tested.  These 
antennas  were  mounted  on  the  GP  also  to  test  the  positive  polarity  break¬ 
down  effects. 

After  the  antenna  tests  were  performed,  it  was  found  that  the  antennas 
did  not  affect  the  negative  charge  breakdown  voltage.  To  further  investi¬ 
gate  this  effect,  a  1/2-in  square  rod  was  projected  from  the  center  of  the 

MUE  at  distances  of  2  and  3  ft.  This  was  tested  and  the  breakdown  voltage 

recorded.  The  MUE  (sans  rod)  was  lowered  to  these  two  spacings  and  the 
breakdown  voltage  recorded. 

The  FIG  output  voltage  was  then  changed  to  positive.  The  MUE-GP 
spacing  was  set  at  8  ft  4  in  and  the  flashover  voltage  measured.  The 
Collins  antenna  was  mounted  on  the  GP  and  the  flashover  voltage  measured. 

The  antenna  was  then  mounted  on  the  MUE  and  the  flashover  voltage  measured. 
This  test  was  made  to  determine  if  the  effect  of  the  antenna  was  due  to 
voltage  polarity  effects  or  the  field  distortion  caused  by  the  MUE. 

The  "up-down"  method  was  not  used  to  determine  the  breakdown  voltages 
as  the  breakdown  voltages  observed  were  repeatable  within  a  few  percent. 
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CONCLUSIONS 


Equipotential  plocs  were  computed  for  the  MUE  being  8  ft  4  in  from  the 
GP  with  (1)  no  projections,  (2)  a  1-ft  projection,  and  (3)  a  3-ft  projection 
(Figs.  I,  2,  and  3).  These  plots  show  the  projections  should  have  a  con¬ 
siderable  effect  on  the  breakdown  voltage.  These  plots  are  the  same  for 
either  polarity. 

The  actual  breakdown  data  (Table  1)  shows  the  1-ft  antenna  and  the  2-ft 
rod  did  not  affect  the  breakdown  voltage  for  the  negative  polarity.  The 
3-ft  rod  greatly  affected  the  breakdown  which  went  from  1.31  MV  to  0.8  MV. 
This  would  imply  that  the  equipotential  line  spacing  near  the  center  of  the 
MUE  is  not  linear  or  that  higher  fields  near  the  negative  electrode  do  not 
promote  breakdown. 

The  antennas  mounted  on  the  GP  (positive  charge)  do  effect  the  break¬ 
down  voltage  (1.31  MV  without  the  antenna  to  1.06  MV  with). 

A  positive  FIG  output  test  was  performed  to  see  if  the  enhancement 
results  observed  with  the  negative  FIG  output  tests  were  due  to  enhancement 
by  the  antenna  or  were  due  to  the  distortion  of  the  electric  field  by  the 
MUE.  This  test  shows  a  10  percent  enhancement  of  an  antenna  on  the  positive 
and  no  enhancement  by  the  antenna  on  the  negative  electrode.  This  supports 
the  results  found  from  the  negative  FIG  output  tests,  so  the  effect  is  not 
due  to  MUE  field  distortion. 

If  the  effect  observed  in  these  tests  is  correct,  then  a  fairly  flat 
aircraft  surface  such  as  the  bottom  of  the  wing  or  fuselage  could  have 
projections  of  up  to  perhaps  2  ft  without  degrading  the  breakdown  voltage 
if  the  aircraft  is  supported  at  least  8  ft  above  a  flat  ground  plane 
(negative  voltage  on  aircraft). 
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Figure  2.  Equipotential  plot  MUE  with 
1-ft  enhancement. 


rtl£  (8  VI  tN^NCC.-Ort  3'  ROD 
EOUlPOTiMSfL  PLQr 


10: 25: 06  86/12/01 


oc 


vhook  tours 

1  0.000 

2  10.000 
3  20.000 
i  30.000 

5  10.000 

6  50.000 

7  60.000 

8  70.000 

9  80.000 

10  90.000 

11  100.000 


Z 


Figure  3.  Equipotential  plot  MUE  with 
3-ft  enhancement. 


TABLE  1 ,  Breakdown  data  of  VHF-UHF  antennas 


Negative  FIG  output 

Enhancements  on  negative  electrode  (MUE) 

MUE  height 

Enhancement  Breakdown 

Voltage  (MV) 

8  ft  4  in 

Collins  (1  ft) 

1.31 

8  ft  4  in 

Unk.  (1  ft) 

1.38 

8  ft  4  in 

1/2-in  sq  rod 

1.36 

(2  ft) 

8  ft  4  in 

1/2  in  sq  rod 

0.80 

(3  ft) 

Enhancements  on  positive  electrode  (GP) 

8  ft  4 

in 

Collins  (1  ft) 

1.06 

8  ft  4 

in 

Unk  (1  ft) 

1.06 

No  enhancements 

8 

ft 

4 

in 

1.33 

6 

ft 

4 

in 

- 

1.06 

5 

ft 

4 

in 

— 

0.90 

Positive  FIG  Output 

8 

ft 

4 

in 

No  enhancements 

1.17 

8 

ft 

4 

in 

Collins  (1  ft)  on  GP 

1.15 

8 

ft 

4 

in 

Collins  (1  ft)  on  MUE 

0.96 

